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Abstract 
 
Mälardalens University makes internationally recognized research in the field of 
Robotics. This technological work shows an electrical engine control developed at 
Mälardalens University. The target of this project is to make an interface able to 
communicate with a platform/robot to move the platform/robot using an electric engine 
control in ADA language.  
 
There are different kinds of electric engines, AC, DC, stepper motor, etc. This 
control focuses on DC electric motors because they are typically used in robots. The 
control works with a PWM system (Pulse Width Modulation). As its name says, this 
system consists in sending pulses (high-low), obtaining this way a periodic square 
wave. This signal can modify the duty cycle, i.e. to change the duration of the high level 
or the low level as well as varying the frequency of the signal. 
 
There is a huge variety of types of Integrated Microcontrollers that can deliver 
PWM signals according to their characteristics. One of them is the ATmega128, which 
has incorporated an H-Bridges to turn forward or reverse trough the PWM signal 
output. 
 
The control of the DC motors consist in sending a signal through the H-Bridge 
devices, that makes the motors works either together, or only the left or the right one or 
stop both of them. This signal is of the type PWM (Pulse Width Modulation), which can 
control the output, the length of the wave, the frequency, etc. 
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2. Introduction 
2.1. Purpose 
 
Because a part of the IDT department in Mälardalens University is based on the 
development and improvement of robots, this report focuses on designing an algorithm 
able to communicate through an interface to control the movement of platform/robot.  
 
The requirement of the thesis is to make the movement control using the ADA 
language in the algorithm.  
 
Once the platform/robot is connected to the machine, communication will be 
established through a card to get the interface to control the movement of the 
platform/robot. This communication is possible because both the machine and the robot 
use the same language to communicate. The movement of a platform to transport the 
robots can be done through the control of the electric motors. The purpose of this 
communication is to make work the platform/robot according to the needs of a machine.    
 
 In this thesis the motors have been replaced by two relays, which work in the 
same way. 
 
2.2. Background 
 
 Part of the IDT department of Mälardalen University focuses on the design and 
development of robotics. This laboratory tries to improve the components and devices 
of robotics and also make developments for companies. 
 
 Therefore this report is based on improving the communication interface of the 
platform/robots and control of its movements. 
 
 
3. Relevant Theory 
3.1. ATmega 128 
 
To make the control and interface communication, the microcontroller used in 
this thesis is ATmega128 from ATMEL. This device has a high performance and low 
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power consumption based on a 8-bit AVR micro controller with an advanced RISC 
architecture. 
The ATmega 128 card has incorporated four H-Bridges A3950 of Alegro 
Microsystems, Inc. used as a peripheral device. The H-Bridges device is useful to 
control the rotation direction of an electric motor. 
 
Below the most important features of ATMega128 used in this thesis: 
 
- 128K Bytes of In-System Programmable Flash program memory. 
- 4K Bytes EEPROM. 
- 4K Bytes Internal SRAM. 
- 0 – 16 MHz speed grades. 
- 4.5 – 5.5V Operating voltage. 
- 53 programmable I/O lines. 
- Two 8-Bit Timer/Counter with Separate Prescalers and Compare Modes. 
- Two 8-Bit PWM channels. 
- 6 PWM Channels with `programmable Resolution from 2 to 16 Bits. 
- Dual Programmable Serial USARTs. 
- JTAG Extensive On-Chip Debug Support. 
- 8 Channels, 10-Bit ADC. 
 
 
 
Programming ADA algorithm it is possible to configure the PWM and H-
Bridges to get the desired signal for the control motor. Both will be explained below. 
 
3.1.1. PWM 
 
 The Pulse Width Modulation (PWM) is used to control the amount of energy 
that is given to a load. Therefore the amount of energy is the one who determinates the 
velocity of the DC motors. The periodic square wave obtained can be interpreted as 
ON/OFF status. Its frequency is defined as the number of pulses (ON/OFF) per second. 
Although there is another parameter that determines the PWM called Duty Cycle, which 
determines the percentage of time where the pulse or voltage applied is in active state 
(ON) during a period of the signal. 
 
 Figure 3-1 illustrates a PWM signal with a 50% duty cycle. 
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Figure 3-1. PWM signal 
 
 Figure 3-2 illustrates a PWM signal with 25% duty cycle. 
 
 
Figure 3-2. PWM signal 
 
 As we can see, the figure 3-1 illustrates that if a PWM signal with 50% of duty 
cycle has a maximum value of 5V and the lower value is 0V, then the average value of 
the voltage with this particular duty cycle will be 2.5V. On the other hand, in the figure 
3-2, with 25% of duty cycle, the average value of the voltage will be 1.25V, i.e. the 
average value will be the result of the percentage of duty cycle for the maximum value 
of the input signal. 
  
To get the PWM output signal it is necessary to know how the Microcontroller 
ATMega128 is working (see datasheet of the Microcontroller). 
 
 The PWM has many registers to get the expected signal. According to the thesis, 
the most important registers and pins are the Timer/Counter (TCNT), Output Compare 
Register (OCR0), Output Compare Pin (OC0), Compare Output Mode (COM01:0) as 
well as the Waveform Generate Mode (WGM01:0) and Data Direction Register (DDR), 
and the Prescaler (CS). 
 
 TCNT works in the same way as the internal clock of the Microcontroller 
ATMega128 at 16 MHz. The TCNT increases or decreases one by one, simultaneously 
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with the internal clock cycle. Depending on the mode of operation used, the counter 
(TCNT) is cleared, incremented or decremented at each timer clock of the 
Microcontroller. The counter has three possibilities: it can reach the BOTTOM value 
when the count becomes zero (0x00), or it can have a MAX value when the count 
reaches the maximum value (0xFF or decimal 255) or can reach the TOP when the 
count becomes MAX or an assigned value in the OCR register. The TCNT generates a 
periodic saw tooth waveform that increases until the values "Max" or "Top" (maximum 
desired) have been reached and then decreases until the bottom value. 
 
The 8-bit comparator continuously compares TCNT with the OCR. Whenever 
TCNT equals OCR, the comparator signals a match. The Waveform Generator uses the 
match to generate an output signal according to the operating mode set by the WGM 
and COM registers. This output is obtained at the OC pin, which generates a low pulse 
when the TCNT is increasing, and a high pulse when the TCNT is decreasing, therefore 
achieving the desired PWM signal. 
 
 
Figure 3-3. The obtained PWM Signal. 
 
The modes of operation or behaviour of  TCNT and OC pins are defined by the 
combination of the WGM and COM. The COM register make it possible to invert or not 
the PWM signal (i.e., inverted or non inverted PWM).  
 
On the other hand, the WGM register has many modes of operation. The 
simplest mode is called normal mode (WGM1:0=0). In this mode the counting direction 
is always increasing. The counter restarts from the bottom (0x00) when it passes its 
maximum 8-bit value (TOP=0xFF). 
 
Another kind of mode operation is called Phase Correct PWM Mode 
(WGM1:0=1) that provides a high resolution phase. The counter counts repeatedly from 
Bottom to Max and then from Max to Bottom. 
 
There are also Clear Timer on Compare Match (CTC). In CTC mode 
(WGM1:0=2) the counter is cleared to zero when the TCNT matches the OCR. 
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The last one is called Fast PWM Mode (WGM1:0=3), which provides a high 
frequency PWM waveform option. The counter is incremented from the Bottom until it 
matches the Max. The counter is then cleared at the next timer clock cycle. 
 
For a proper work of the PWM it is important to deliver the best frequency to get 
a good performance of the motors. The ATMega128 mentioned above work with a 
frequency of 16 MHz. Therefore, sometimes it can be too high for the proper work of 
the motors, but then the Microcontroller give us the possibility to work at a lower 
frequency of the system clock by setting the prescaler register, called "Clock Selected" 
(CS) that can be 1:1, 1:8, 1:32, 1:64, 1:128, 1:256 or 1:1024. 
 
Therefore, depending on the frequency and the mode operation, we have:  
 
CTC mode 
 
Fast PWM mode 
 
Phase Correct PWM mode 
 
 
Where N represents the prescaler factor, and fclk_I/O as the frequency of the clock 
system. 
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3.1.2. H-Bridges. 
 
 The H-Bridges are electronic circuits which have four switches that allows an 
electric DC motor to rotate in both directions, forward or reverse. These circuits are 
widely used in robotics, even combined with PWM signals to get the desired output. 
 
Figure 3-4. H-Bridges circuit. 
 
 ATMega128 has incorporated in its card four DMOS Full-Bridges Motor Driver 
A3950. These devices are H-Bridges electronic circuits, each one of them controlling 
one motor. Changing the motor polarity you can change its rotation direction. 
Transistors are used as switches.  
 
 As we can see in the below figure, if the transistors Q1 and Q4 are active, and 
Q2 and Q3 inactive, the motor turns forward. On the other hand, if Q2 and Q3 are active 
and Q1 and Q4 inactive, then the motor turns the other way. 
 
 
Figure 3-5. Forward and reverse of H-Bridges 
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The features of the A3950 package LP, 16 pin TSSOP with Exposed Thermal 
Pad that is incorporated in the ATMega128 card are: 
 
 Low RDS(ON) outputs 
 Over current protection 
 Motor lead short-to-supply protection 
 Short-to-ground protection 
 Sleep function 
 Synchronous rectification 
 Crossover-current protection 
 
The A3950 is designed for PWM control of DC motors. It can deliver peak 
currents up to ±2.8 A and operating voltages up to 36V. It is also provided with internal 
synchronous rectification control circuitry to lower power dissipation during PWM 
operation. With a low RDS(ON), a reduced power dissipation can be achieved because the 
resistance between drain and source is approximately 0.1Ω when the transistor is active. 
 
In addition, as shown in the table bellow, it is possible to control the output 
signal of the H-Bridge. Phase and Enable input terminals are provided for controlling 
the speed and the rotation direction of a DC motor with externally applied PWM control 
signals. Furthermore the Mode pin consists in toggling between fast decay and slow 
decay mode, i.e. controlling the way to stop the motor - fast or slow. On the other hand, 
the control input Sleep pin is used to minimize power consumption when the A3950 is 
not in use. 
 
 
Figure 3-5. Control H-Bridges 
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4. Thesis Formulation 
 
 Once acquired knowledge on the related works, the main target is to write the 
algorithm code to be implemented in the Microcontroller ATMega128 and test the 
algorithm code. The project procedure is based on: 
 
- Gathering all possible information and acquire all necessary knowledge. This 
part is based essentially on everything mentioned in section 3 (Related 
Theory). 
 
- Suggesting an idea of how the movement of the robots can be controlled. 
 
- Creating and compiling the ADA code. 
 
- Checking and testing the ADA code 
 
- Reporting the results of the project. 
 
 
5. Design 
 
5.1. Analysis of the problem 
 
 It is necessary to assume that the card within a machine has to communicate 
with a platform/robot. The machine as well as the platform robot use the same language 
to communicate. 
 
The interface of communication with the platform/robot is the microcontroller 
ATMega128. The ATMega128 card has incorporated six PWM channels which deliver 
the amount of charge of the output signal to control the speed of the electric DC motors. 
On the other hand, the card has also incorporated four H-Bridges devices which decide 
the mouvement of the platform/robot. 
 
 The first thing to do is to get the desired frequency through the PWM. It is 
important to have in mind that the internal clock of the microcontroller works at 16 
MHz. This frequency is too high for a proper working of the DC motors, so it should be 
reduced setting the PWM signal in the prescaler register. 
 
 Once we have got the desired PWM signal, the next step is to adjust the 
microcontroller to get the signal of H-Bridges to control the direction of rotation of the 
electric motor. Each H-Bridges output signal can control one electric motor. 
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DC motors can be quite expensive. For this educational project, the DC motors 
were replaced by two relays. The relays works the same way as electric motors, but they 
are much cheaper. The design of the replacing relays is shown in the appendix. At the 
beginning, the obtained output signal had a lot of noise. To improve the output signal 
and eliminate a maximum amount of noise, the design was improved using a filter. At 
first, the filters did not work as well as expected, so in order to improve the filters the 
capacitors were replaced for smaller ones.  
5.2. Hardware, schematic 
5.2.1. Required components 
 
- One ATmega128 microcontroler. 
- Two relays… 
- Two 10µF capacitors. 
- Two LEDs 
- Two diodes 
- Two resistors of 210 Ω 
- A single wire cable of 1x0.25mm 
 
5.2.2. Process 
 
 The configuration process starts setting the pins of the Port B and Port C as 
outputs through the registers DDRB and DDRC, respectively (DDRB=0xFF, 
DDRC=0xFF). In addition, Bit 5 and Bit 6 of Port B are also the output pins for the 
PWM mode timer function that deliver the output PWM signal to the H-Bridge device 
through the OC1A and OC1B, respectively. 
 
 Otherwise, the outputs of Port B and Port C are used for the communication 
between the microcontroller ATmega128 and the A3950 H-Bridges device through the 
MODE, ENABLE, PHASE and SLEEP terminals of the A3950 device. 
 
On the other hand, the terminals of the DC motors are connected one to the output A 
and the other to the output B terminals of the A3950 device. When the output A delivers 
the signal to the motor connected to the output A terminal, the motor will rotate, and 
when the output B delivers the desired signal, then the motor connected to the output B 
terminal will rotate. One of the reasons to replace the DC motors by two relays is that 
they work in a similar way. When the output A terminal delivers the output signal, the 
inductance of the relay A activates its contact so the current can pass trough the relay A. 
When the output A signal is zero, the inductance has no effect on the closing contact. 
The same think happens with the relay B when the signal passes through it. To make it 
more visual and understandable, each relay has incorporated a LED that lights up when 
the relay is activated. 
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 At the beginning, the obtained signals had a lot of noise, coupled with a square 
signal when the relays are activated. As mentioned before, to improve the signals, two 
100µF capacitors were mounted in parallel, acting as a filter to reduce the amount of 
noise and overshoots. As the two 100µF capacitors were not able to reduce substantially 
the noise, they were replaced by two 10µF capacitors. 
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5.3. Flux Diagram and Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
Initialization: 
 Initialize required libraries. 
 Set control registers. 
 Set relay function. 
 Initialize Port C as output. 
 
Data  
available? 
“A” Character? 
“B” Character? 
“C” Character? 
“N” Character? 
Set_Relay “A” 
Yes 
Yes 
Set_Relay “B” 
Set_Relay “A & B” 
Yes 
Yes 
Yes 
No 
No 
No 
No 
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 The algorithm of the program is going to be explained below.  
 
 Main Function 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.3. Tests 
 
 The tests were made with the Agilent Technologies oscilloscope DSO3062A to 
capture the output signals when the relays are working. With the plots it is easy to see 
which relay is working or if both of them are toggling. This way it is possible to 
determine the working frequency and the duty cycle to compare them with the expected 
values.   
 
 According to the obtained results, the OCR1A and CS registers have been 
changed in each test to check if the frequency had the expected value. 
 
 The signals visualized by the Agilent Technologies oscilloscope DSO3062A 
were free of unwanted noise and overshoot. 
Call Init Function 
Initialize required libraries 
Set Port B and C as outputs 
Configure Registers  
OCR1A 
TCCR (COM, WGM, CS) 
EICRB 
EIMSK 
Call (Set_Relay) function 
Get (Data) 
If (Data_Avalaible) do: 
 Switch (Data) 
  When (A) do: 
   Configure Port B and C for output A 
  When (B) do: 
   Configure Port B and C for output B 
  When (C) do: 
   Configure Port B and C for output A,B 
  When (N) do: 
   Stop 
 End Switch 
End If 
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5.4. Model / method 
 
 For a long time I have been gathering information to get enough knowledge and 
understanding of the ATmega128, its device and the software AVR Studio in ADA 
language, to be able to configure the microcontroller ATmega128 with GNAT 
Programming Studio software, which I never had used before. 
 
 Losing so much time trying to learn how both the hardware and the software 
works, the project focuses on the electric motor control, leaving out one of the targets, 
i.e. the interface communication by the ATmega128. 
 
 Once the ADA algorithm was obtained, the ADA code was compiled and built 
using the GNAT Programming Studio software. The program was loaded to the 
ATmega128 card using a micro USB wire. Then the 12 VDC power supply was 
connected to the card.  
 
In the tests, when selecting the output A, the expected output signal had 12 
VDC. The same happened with the output B. Nevertheless, when the output A and B 
were selected, the obtained square signal was not quite as expected. The signal had an 
important amount of noise and overshoot. To solve this problem, two capacitors were 
mounted in parallel to create a filter. The schematic is show in the appendix. 
 
 The fact of having to change the registers OCR1A and CS each time after 
measuring the values of a new output signal can be quite cumbersome. To resolve this 
problem, the formula below was used in the ADA algorithm to obtain the desired 
frequency. However, when compiling the obtained result had an error, because when the 
ADA code asked a number for the OCR1A register, the formula was returning a 
decimal number, but the ADA code expected a character instead of the decimal number 
returned by the formula. To solve this new problem, it was tried to introduce a new 
variable, for example called "Freq", but the program did not recognize the CS register 
contained in the formula
AOCRCSprescale
f
f clkPWM
1)(2 ••
= . 
 
5.5. Solution 
  
 The ADA code used for the DC motors control and schematic of the relays is 
shown in the appendix. The code works as expected, i.e., each time the system asks for 
the desired output, this one is delivered. But to change the working frequency of the 
relays, it is necessary to reprogram the OCR1A and CS registers in the source code. 
 
 As mentioned above, the thesis focuses in the ADA code and the DC motor 
control, therefore these objectives were achieved and worked as expected. With a bit 
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more time to focus on the communication through the interface of the ATmega128, the 
objectives would probably have been achieved. 
 
 
5.6. Results, analysis of results, recommendations, future work. 
 
 As mentioned before, each time that a result is obtained, the OCR1A can be 
changed before loading the code. Once the ADA code was built in the ATmega128 card 
using a micro-USB wire, the working signals of the relays can be seen in the Agilent 
Technologies oscilloscope DSO3062A. Below, some examples with different outputs, 
when only output A or only output B are selected or when both outputs A and B are 
selected together using different OCR1A register values as well as different values of 
the prescaler register (CS).  
 
 Only output A selected: 
 
 
Figure 5-1 Yellow colour represents Output A. 
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 Only output B selected: 
 
 
Figure 5-2 Green colour represents Output . 
 
 When OCR1A=500 and CS = non-prescaler : 
 
 
Figure 5-3 Yellow represents Output A, and green Output B. 
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 When OCR1A=500 and CS =8: 
 
 
Figure 5-4 Yellow colour represents Output A, green colour Output B. 
 
 When OCR1A=5000 and CS = 64 : 
 
 
Figure 5-5 Yellow colour represents Output A, green colour Output B. 
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 When OCR1A=5000 and CS = 128 : 
 
 
Figure 5-6 Yellow colour represents Output A, green colour Output B. 
 
 With the help of digital Agilent Technologies oscilloscope DSO3062A, on plus 
of capturing the graph of the signal, also the frequency can be displayed in Excel format 
to compare it with the expected frequency calculated by the formula: 
AOCRCSprescale
f
f clkPWM
1)(2 ••
=  
 
 According to some of the examples above: 
 
 When OCR1A=500 and CS = non-prescaler : 
 
Agilent Technologies -
[Measure] 
    
Vamp 1,18E+01 V 
Vrms 8,10E+00 V 
Frequency 1,59E+04 Hz 
Rise Time <8,000e-07 s 
Fall Time <8,000e-07 s 
Pulse Width+ 3,14E-05 
Pulse Width- 3,14E-05 
Duty+ 50,00% 
Duty- 50,00% 
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 Applying the formula above it can be shown that the obtained and expected 
frequency value is nearly the same; KHz
HzHz
fPWM 968,15
1002
1016
)1500(12
1016 66
=
⋅
=
+⋅⋅
⋅
=  
 
 When OCR1A=500 and CS =8: 
 
Agilent Technologies -
[Measure] 
    
Vamp 1,19E+01 V 
Vrms 8,20E+00 V 
Frequency 1,99E+03 Hz 
Rise Time <4,000e-06 s 
Fall Time <4,000e-06 s 
Pulse Width+ 2,51E-04 
Pulse Width- 2,52E-04 
Duty+ 50,00% 
Duty- 50,20% 
 
The same occurs in this case, the expected and the obtained frequency are nearly 
the same; KHz
HzHz
fPWM 996,1
8016
1016
)1500(82
1016 66
=
⋅
=
+⋅⋅
⋅
=  
 
 When OCR1A=5000 and CS = 64 : 
 
Agilent Technologies -
[Measure] 
    
Vamp 1,19E+01 V 
Vrms 8,18E+00 V 
Frequency 2,50E+01 Hz 
Rise Time <8,000e-04 s 
Fall Time <8,000e-04 s 
Pulse Width+ 2,00E-02 
Pulse Width- 2,00E-02 
Duty+ 50,00% 
Duty- 50,00% 
 
Same thing happens again, the frequency expected and obtained is very close; 
 Hz
HzHz
fPWM 995,24
640128
1016
)15000(642
1016 66
=
⋅
=
+⋅⋅
⋅
=  
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The fact that each time the ADA code has to be reprogrammed is a bit 
cumbersome. An idea to solve this issue is that the programs asks to the user which is 
the desired frequency and once the frequency is selected, obtain it expected. As the 
output selected, the program asks to the user which is the output desired, if output A, 
output B, both or none. 
 
 
 
 
 This problem was try to solve, but the ADA code had some errors because did 
not recognize the type expected. 
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6. Summary and conclusions 
 
 The Objective of this work is to make the communication between a machine 
and platform/robot through an interface. This communication is performed by 
microcontroller ATmega128 card. The result of this communication allows a machine 
to make the motor control. It will be possible because both, a machine and 
platform/robot use the same language to communicate. 
 
A machine with ATmega128 card sends a signal to control the movements of the 
platform/robot through the DC motor control 
 
 One of the requirements of the thesis is make this electric motor control by ADA 
code using the GNAT programming studio. 
 
 The electric control motor consists on sending a PWM signal, created in the 
microcontroller ATmega128 through the H-Bridge device. This PWM signal provides 
the amount energy desired to control the velocity of the DC motor, and the H-Bridge 
device allows choosing which rotate direction will take the electric motor, either 
forward or reverse. 
 
 Due to is an educational work, and is not necessary spend much money, the DC 
motors has been replaced by two relays. The reason to replace it for two relays is 
because the procedures of the relays are similar to the DC motors. Thus because 
working with relays, it is easy to see how are working because a LEDs are coupled to 
the circuit to see which relay are working or if the two relays are working together. 
 
 In the test, working on the relays, it was found a few amounts of noise and 
overshoots that appears on the results displayed with the Agilent Technologies, 
Inc.DSO3062A oscilloscope. 
 
To solve this issue, capacitors were coupled in parallel way so that acts as a 
filter. 
 
 The result is that the relays procedure was good and as expected. Using the code 
program, it is possible to choose the output or rather, choose which relay will work to 
control the movement. 
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8. Appendices 
Appendix A. ADA code 
 
package Motor_iu is 
 
   type Motor_ID is range 0..3; 
 
   subtype Speed_Type is Integer range -128..127; 
 
 
   type Relay_Out is (None, A, B, Both); 
 
   procedure Set_Relay (ID : Motor_ID; 
                        Value : Relay_Out := None); 
 
end Motor_iu; 
 
 
with Atmega128; use Atmega128; 
package body motor_iu is 
   pragma Suppress (All_Checks); 
 
 
 
   procedure Init is 
 
   begin 
      DDRC := 16#FF#;  --PIN C AS OUTPUT-- 
      DDRB  := 16#FF#;  --PIN B AS OUTPUT-- 
 
 
      OCR1A  :=1000;  -- PWM this is the TOP-- 
 
      TCCR1A    := (COMA    => 0, 
                    COMB    => 0, 
                    COMC    => 0, 
                    WGM_Low => 3); 
 
 
      TCCR1B    := (ICNC     => False, 
                    ICES     => False, 
                    WGM_High => 3, 
                    CS       => 5);-- => This is the prescaler-- 
 
 
      EICRB := (Falling,Falling,Falling,Falling); 
      EIMSK := (Bit_7 => False, 
                Bit_6 => False, 
                Bit_5 => False, 
                Bit_4 => False, 
                Bit_3 => False, 
                Bit_2 => False, 
                Bit_1 => False, 
                Bit_0 => False); 
   end Init; 
 
 
   procedure Set_Relay (ID : Motor_ID; 
                        Value : Relay_Out := None) is 
   begin 
 
      if ID=0  then 
                                                                                             
 
Innovation Dessign and Technology Department 
 
 27 
         case Value is 
            when A => 
               C.Port(0) := True; 
               PortB.Bit_5 := True; 
 
            when B => 
               C.Port(0):=true; 
               PortB.Bit_5:=False; 
 
            when Both => 
               C.Port (0) := true; 
               TCCR1A := (COMA => 1, 
                          COMB => 0, 
                          COMC => 0, 
                          WGM_Low => 3); 
            when None => 
               C.Port (0) := False; 
                
         end case; 
 
      end if; 
 
   end Set_Relay; 
 
begin 
 
   Init; 
 
 
 
end motor_iu; 
 
with Motor_IU;          
use  Motor_IU; 
with textIO; use TextIO; 
procedure Motor_IU_Test is 
   pragma Suppress (All_Checks); 
   Cmd   : Character; 
 
   procedure Set_All (Value : Relay_Out) is 
   begin 
      for I in Motor_ID loop 
         Set_Relay (I,Value); 
      end loop; 
   end Set_All; 
 
begin 
   loop 
      Put_Line (" "); 
      Put_Line ("Enter output : A,B,N(none),C(both) "); 
      loop 
      if Data_Available then 
            Cmd := Get; 
 
         case Cmd is 
            when 'A' => Set_All (A); 
 
            when 'B' => Set_All (B); 
 
            when 'C' => Set_All (Both); 
 
            when 'N' => Set_All (None); 
 
            when others => Put_Line ("Retype... "); 
         end case; 
         end if; 
      end loop; 
      end loop; 
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end Motor_IU_Test;   
 
 
Appendix B. Schematic of relays 
 
 
 
 
  Appendix C. Required Software 
 
 GPS 
  
 GNAT Programming Studio 
 Version 4.2.1  
 This program is used as an ADA compiler generating 
 
 
DS3000 
 
  
 Agilent Technologies, Inc. DSO3062A 
 This Oscilloscope is used to show the results obtained 
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